Stems transfer load to the intact diaphyseal bone and provide an effective means of bypassing bony deficiencies in the metaphysis. Constrained prostheses are often used to optimize stability if there is compromise of the collateral ligaments in the revision setting. Stresses at the bone implant interface are increased with the use of constrained components and ultimately greater forces are transferred to the modular stem. 5) First generation stems were nonmodular; however, modularity has become an increasingly attractive option as the surgeon has the ability to optimize the fit and fill of the medullary canal (so called off-the-shelf customisation). One potential issue with modular stems is that stress concentration can occur at the modular junction, which can potentially lead to fracture of the stem and catastrophic failure of the prosthesis. 5) This phenomenon is relatively uncommon with knee prostheses.
Definitive management of such cases involves making an accurate diagnosis of the cause of stem fracture, ruling out the presence of infection and revision of the failed component. Revision TKA in this setting can be technically challenging, particularly removal of the retained segment of a cemented stem. Two of three cases presented in their study were not associated with component loosening. A mechanism for this was not explained. Lim et al. 5) described five cases of failure of constrained TKA designs at the stem condylar junction. This is the largest series published to our knowledge, but no suggestions were made on detection of potential early signs which may be used to predict the risk of stem fracture, methods to minimize this intraoperatively and specific issues which should be considered during preoperative planning and the operative procedure.
We present three cases of failure of modular rotating hinge (MRH) revision prostheses (Stryker, Mahwah, NJ, USA) secondary to fracture of the femoral stem with a well-fixed, asymptomatic tibial component. We discuss their presentation and management as well as issues which need to be considered during preoperative planning and technical challenges that can be encountered.
CASE REPORTS
All patients gave verbal informed consent to be included in this case report. None of the patients presented in this report was treated by any of the authors.
Case 1
A 73-year-old female patient underwent a primary TKA in 2005 due to symptomatic osteoarthritis. She underwent a two-stage revision due to infection to an MRH prosthesis (Stryker) 5 years later. She presented with a swollen, painful knee after experiencing a fall indoors in March 2015. Radiographs revealed a fracture of the femoral stem at the stem condyle junction. She had been experiencing increasing pain in this knee for several months prior to falling. Her body mass index (BMI) was 28 kg/m 2 . She underwent a revision procedure during which the femoral component and femoral stem were found to be grossly loose. The distal femoral bone stock was deficient and the femoral condyles were fractured and displaced. The tibial component was well-fixed. The distal femur was resected and reconstruction was performed with a global modular replacement system tumor prosthesis (Stryker). Radiographs revealed a fracture of the femoral stem at the stem condyle junction (Fig. 1) .
Case 2
A 79-year-old male patient had a primary TKA performed in 2000 due to symptomatic osteoarthritis. He underwent a two-stage revision in 2008 due to infection. An MRH prosthesis (Stryker) was used. He suddenly felt a "give" in his knee whilst walking indoors in 2014, without any antecedent trauma. He presented to hospital where radiographs showed distal femoral osteolysis with fracture of both femoral condyles, radiolucent lines in the metaphyseal cement mantle and a fracture of the femoral stem at the metaphyseal/diaphyseal junction (Fig. 2 ). This was at the level of the junction of the stem and condylar parts of the prosthesis. The patient was very active. His BMI was 31.3 kg/m 2 . He had an ipsilateral cemented total hip arthroplasty in situ which had also been previously revised as a result of a fracture of the femoral prosthesis. The femoral component was revised to a distal femoral replacement. The tibial component was found to be well-fixed and was preserved. The proximal part of the fractured stem was found to be grossly loose. This finding, along with the loose cement mantle and poor bone stock, facilitated easy removal of this part of the stem. (Fig. 3) . The tibial component was well-fixed. An isolated femoral component revision was performed using a longer cemented stem. The proximal part of the femoral stem was well-fixed in the existing cement mantle. This was removed with the cement mantle using cement splitting chisels. In all cases, the latest revision procedure as well as the postoperative course of the patients included were uncomplicated. They were mobilising with one stick at the time of the latest follow-up.
DISCUSSION
The cases presented in this paper have several features in common. They were all relatively active individuals with medial rotation hinge (MRH) prostheses in situ. These all failed by fracture at the stem condylar junction with no preceding trauma. Infection was ruled out in all cases. Radiologically there were signs of loosening of the distal part of the stem as well as poor metaphyseal femoral bone stock. Failure of the prosthesis occurred in the region of the stem corresponding to the junction of the well-fixed and loose regions of the stem, where metaphyseal support was lost. The tibial components were well-fixed in all cases and therefore not revised. Radiolucent lines were visible around the proximal third of the tibial stem in case 2 (Fig. 
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2), but these were nonprogressive and not associated with clinical symptoms. This is possibly explained by the forces acting through each side of the joint. The tibia experiences mainly axial loading while the femoral component experiences flexion extension, varus valgus and axial stresses. Constrained prostheses transmit significantly greater forces to the stem. 5) In normal situations, these stresses pass via the femoral component into the femoral condylar bone. In the setting of deficiency of the condyles, such loads are transferred to the stem. Added to this is the fact that the stem component junction occurs at this level.
Two of the fractured stems in this series were of relatively small diameter relative to the width of the medullary cavity (Figs. 1 and 2) ; however, this is not a significant issue with cemented stems. In the third, the diameter of the stem was more closely matched to the diameter of the medullary canal. The fractures, in all cases, occurred at the level where bone quality and support changed but also where there was a change in the quality of fixation of the stem itself and the diameter of the stem-an effective stress riser.
The fact that these stems failed with minimal or no trauma reflects the importance of the above factors. The only reliable management option in such cases is revision of the prosthesis. The first step in surgical planning is to rule out infection. The surgeon needs to consider the surrounding bone stock as well as the length of the stem and the quality of its fixation, as this will determine the optimal surgical approach, instruments required for component extraction including removal of the proximal, retained stem segment and options for definitive reconstruction. In two of the cases presented, the femoral bone was resected and replaced with a tumor prosthesis. In the third case, the retained stem was removed along with the cement mantle using readily available cement extraction chisels. It was then revised to a longer cemented stem.
The presence of another prosthesis proximally and the need for additional procedures such as a bridging plate to prevent formation of a stress riser must also be carefully considered. At the time of revision, the surgeon needs to optimize fixation in each zone of the bone. 7) Devices such as metaphyseal sleeves 2, 3) can be used to optimize load transfer in zone 2 from the condylar component to the femur while minimising stresses on the stem.
The cases presented in this paper are relatively uncommon. We believe it is important that patients who have revision prostheses in situ and early signs of metaphyseal bone loss should be closely followed up and there should be a low threshold for investigating new onset pain in this group. Highlighting such cases provides a source of useful information to surgeons involved in managing these often complex cases and joint registries for surveillance of such prostheses and also acts as a source of feedback to manufacturers involved in the design of revision knee prostheses.
When planning revision TKA procedures, the quality of available bone stock must be carefully assessed. Metaphyseal support needs to be optimized in order to minimize load transfer to the stem and to the junction if a modular component is used. When constrained components are used, radiographs need to be carefully assessed for signs of proximal loosening. Nonmodular stems are also an option in this situation.
